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Abstract 
 
        Genetically Modified Organisms (GMO) soybean is a 
soybean whose genetic material has been modified using 
genetic engineering techniques. GMO defenders say that this 
technology reduces the cost of food and helps producers deal 
with pests and diseases more safely. On the opposite 
consumers and environmental groups argue that transgenic 
crops drive higher use of pesticides. Because of this, there is a 
specific market for non-GMO crops. Some companies that 
export to Asia and Europe markets pay a premium for non-
GMO soybean. But this non-GMO soybean must have a 
certificate indicating their purity, i.e., which there is not a mix 
with GMO soybean. The aim of this work is the development 
of a prototype of a system to track non-GMO soybean to 
guarantee its purity. The prototype developed in this work 
used blockchain technology. The choice for blockchain was 
because it is very secure against tampering, and, also is a 
distributed system proper for applications like this, which will 
track the non-GMO soybean from cultivation to product 
delivery. 
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Introduction  
 
        Crops such as corn, soybeans, and cotton are genetically 
engineered to resist disease, tolerate drought and resist 
spraying pesticides like glyphosate - the active ingredient in 
Monsanto's Roundup herbicide. GMO advocates say the 
technology reduces the cost of food and helps producers deal 
with pests and diseases more safely. But some consumers and 
environmental groups argue that transgenic crops drive 
pesticide use rather than reducing agrochemical applications. 
These entities also say that GMOs pose threats to the 
environment and there are doubts about the impact of 
genetically modified foods on human health. Because of this 
emerged a demand for conventional raw material food. To 
meet this demand, producers in Mato Grosso and Embrapa 
Brazilian Agricultural Research Corporation create a program 
to promote the use of conventional seeds [1, 2]. 
 
         As a result, a move to replace transgenic soybeans with 
conventional seeds is gaining momentum in Mato Grosso, 
Brazil's largest producing state. This focus on conventional 
soybean planting (also known as free or non-GMO soybeans) 
occurs to serve the export niche of non-GMO products, which 
are most valued. To get an idea of the potential of this market, 
Europe has an annual demand of 2.7 million tons and China 5 
million tons. Access to these markets, financing programs, 
reduced costs due to greater control over inputs, and the 
possibility of receiving bonuses from the sale of certified 
material are the main economic advantages for producers [3, 
4].  
 
       Companies such as Amaggi, Imcopa International and 
Caramuru Alimentos pay a premium award for conventional 
soy to serve Asian and European markets. The average 
producer premium per bag is 40% compared to transgenic 
soybeans, according to the Free Soy Institute, an entity created 
to encourage the development of the conventional soybean 
market, profitability and safety [5-7]. 
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       For the reintroduction of conventional soybeans, some 
challenges must be overcome, such as the obligation to isolate 
the crop, to avert mix with transgenic soybeans during 
cultivation, strict controls to avoid contamination in transport 
and shipping to ports and the low availability of improved 
non-GMO seeds [8]. 
 
       A system that tracks non-GMO soybeans - and used for 
tracing samples and information from planting, passing 
through controls on cultivation, harvesting, and transportation 
to market delivery - can be of great value in reducing costs, 
ensuring soybean purity, and obtaining certifications easily.  
 
       This work proposes the use of blockchain technology to 
build a prototype of the Non-GMO Soybean Tracking System 
because it is a distributed system, facilitating the registration 
of inspections and sample data, which will occur at different 
locations and at different times as long production of soybean. 
In addition to being a very safe system against tampering, 
generating reliability for auditors and consumers. 
 
Material and Methods 
   
       The prototype developed in this work is divided into five 
main procedures, as shown in (Figure 1). Except for the first 
procedure (Data Definition), the other four procedures are 
control procedures (Seed Control, Field Inspection, Receiving 
Control, and Shipping Supervision). These four control 
procedures are responsible for the purity of non-GMO 
soybeans from cultivation to product delivery. 
 
        The Data Definition procedure is part of the smart 
contract and defines variables to be stored in a blockchain 
infrastructure. The smart contract is a computer program, 
whose code developed at Remix Development Environment 
(IDE Remix) [9], using Solidity 0.4.2 language - which is very 
similar to C++, Python, and other programming languages - 
specific for Ethereum Blockchain Networks [10, 11].  
 
        (Figure 2) shows on the right side, the “Compile” tab of 
the IDE Remix for smart contract compilation. (Figure 2) also 
shows on its left side the smart contract code.  The first line of 
the presented smart code is the compiler version, in the third 
line, the name of the smart contract (SoyTracking.sol) and the 
following lines are the data variables to be stored in the smart 
contract and blockchain system transactions. The data 
effectively recorded in the smart contract is in a struct (Figure 
3), which is a grouping of data. The use of a struct facilitates 
to query the stored data, using a key. In this prototype, the key 
is the lot number, which allows accessing all data in a single 
query, using the mapping command. This command associates 
the SoyInf struct and the lot number. In this prototype, the 
SoyInf struct contains the address of the system operator 
(sender) - a person responsible for recording the data -, the lot 
number and the data from the four non-GMO soybean control 
procedures. 
 
       The second procedure is the control of seeds to ensure 
non-GMO soybean production. This step seeks to identify the 
presence of transgenic soybean variety to avoid contamination 
of production fields. The tasks of this step are sampling 
according to ISO standards, evidence stored for 90 days, 
transgenic analysis by PCR (Polymerase Chain Reaction) 
method, and the record of all operations [12]. 
 
        The third procedure is field inspection to ensure that no 
varieties of transgenic soybeans are being cultivated by 
producers to avoid contamination. The tasks of this step are 
sampling during the growing season, leaf test with SDI Trait, 
and visits with the cooperative technician and auditor [12]. 
 
  
 
Figure 1: WBS of the Non-GMO Soybean Tracking System. 
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Figure 2: Remix development environment [12]. 
 
         The fourth procedure is the receipt at the processing and 
storage units, aimed at ensuring that no vehicles containing 
transgenic soybean unload at the receiving units, thus avoiding 
contamination and ensuring the integrity of the non-GMO 
soybean. The tasks of this step are sampling all vehicles, 
evidence stored for 90 days, every 5,000 tons performs a PCR 
test for segregation guarantee and registration and reporting of 
all vehicles [12]. 
 
          The last procedure of the traceability system is shipment 
supervision. The purpose of this procedure is to ensure that no 
contamination can occur in the vehicles during the shipment 
and product delivery. This stage includes a visual inspection 
of all vehicles, inspection records, and monthly record audits. 
Throughout the procedure, the certifier acts by ensuring that 
all phases have been completed and audited. In the end, the 
certifier issues a certificate of product traceability with 
international validity [12].  
 
        For setting values to variables and record data into the 
blockchain, each variable and each procedure in the Non-
GMO Soybean Tracking System has a correspondent function 
in the smart contract. (Figure 4) is an example of a function to 
set the lot number. The lot number is a unique identifier of an 
amount of soybean used for accountability, sampling 
identifier, and qualification. The IDE Remix provides a button 
with a red background color for each function as an interface 
for simulation and tests of the smart contract (Figure 5) and, 
also provides a blue background color button for query the 
values of the variables (Figure 6). 
 
   
Figure 3: SoyInf struct and mapping. 
 
 
 
Figure 4: Function to set the lot number. 
 
 
 
Figure 5: Red back grounded button provided by IDE Remix 
for the function to set lot number. 
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Figure 6: Blue back grounded button provided by IDE Remix 
to query the lot number. 
 
         To execute a procedure is necessary to set all the 
variables values first. (Figure 7) shows the code of the Seed 
Control procedure. The execution of this procedure stores the 
sender address - which is the current account responsible for 
the transaction in the blockchain infrastructure -, the lot 
number, and the seed control status - which informs if the lot 
is free of GMO soybean or not-, the seed control sample - to 
record the number of the sample - and the sample taken date. 
The producer or the trading company will keep the samples 
for at least 90 days for audit purposes. 
 
         (Figure 7) also shows the LogSeedControl declaration 
using the command event. The Seed Control procedure stores 
data in the smart contract address and using the function 
LogSeedControl logs the same data in the blockchain 
transaction. (Figure 10) shows the result of the execution of 
the Seed Control procedure, with LogSeedControl data 
highlighted in red. 
 
 
 
Figure 7: LogSeedControl event and Seed Control function to 
store seed control data into blockchain transaction and smart 
contract respectively.     
 
Results 
 
        The interface to execute the smart contract is the “Run” 
tab of the IDE Remix, shown in (Figure 8). After deployed, 
the smart contract receives an address to store data and is 
ready for simulations and tests. The IDE Remix provides five 
accounts for tests - each one starts with a balance of 100 ether 
for accounting purposes [13]. 
 
 
 
Figure 8: IDE Remix's “Run” tab. 
  
          After setting the lot number (Figure 5), to execute the 
Seed Control procedure is necessary to set the values of seed 
control status and date and number of the sample. All these 
values will be stored in the smart contract by clicking in the 
SeedControl button (Figure 9) and, also in the blockchain 
transaction by the LogSeedControl function, declared in the 
event command. (Figure 10) shows an example of Seed 
Control function execution with logged data highlighted. 
 
          Similarly of recording Seed Control data, data about 
Field Inspection, Receiving Control and Shipping Supervision 
procedures will be recorded as these processes have been 
completed (Figure 11). 
 
 
 
 
Figure 9: Interface (buttons) provided by IDE Remix, to set 
values of seed control status, seed control sample and seed 
control date and execution of Seed Control procedure. 
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Figure 10: Result of the execution of the Seed Control procedure, with LogSeedControl data highlighted in red. 
 
 
 
 
Figure 11: Interfaces (buttons) provided by IDE Remix to insert data and for the execution of procedures of Field Inspection, 
Receiving Control and Shipping Supervision. 
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          The lot number is the key to query all recorded data in 
the smart contract. For this purpose, the msi mapping 
associates the lot number with the SoyInf struct. The IDE 
Remix also provides a query button for mapping declarations. 
(Figure 12) shows the result of querying lot 789 data after 
completed all procedures of soybean tracking. 
 
 
 
 
Figure 12: Result of querying lot number 789 using msi 
mapping. 
 
Conclusion 
 
         This work presented a prototype of a non-GMO soybean 
tracking system. Since it is a prototype, it contains only four 
checking points for audit, but demonstrate the potential of 
blockchain technology, for this kind of Decentralized 
Application (DApp), providing security and distributed 
databases. Since this application is based on sampling analysis, 
the interface given by IDE Remix was functional. But in future 
work, new technological features will be studied, such as the 
use of RFID to track vehicles and communication interfaces 
between sample analysis record systems and the blockchain 
database. 
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